Harmonizing coastal fisheries with water-quality improvement has become an essential factor for the sustainable use of coastal ecosystem services. Here, we present the scope of our study based on an interdisciplinary approach including ecological actions, socio-economic actions and socio-psychological actions. We chose to focus on the interaction between oyster aquaculture and seagrass vegetation as a typical ecological action using the coastal ecosystem complex (CEC) concept. Coastal organisms have adapted their traits to the environment over a long period of time, so that restoration of the CEC represents reconstruction of the original process of coastal production. Subtidal seagrass vegetation with intertidal oyster reefs is the original CEC in Japan, which would be expected to enhance coastal production by improving the production efficiency without adding nutrients. A simple field experiment examining carbon and nitrogen contents and stable isotope ratios revealed that oyster spats cultivated on a tidal flat adjacent to seagrass beds had higher nitrogen contents and higher δ 13 C ratios than spats cultivated in an offshore area using only pelagic production. This result suggests that utilization of the CEC, which enables oysters to use both pelagic and benthic production, has potential to sustain a food provisioning service for humans, even in oligotrophic conditions.
Introduction
Through evolution, organisms have interacted with the environments they inhabit and have changed various traits as adaptations to the environment (sensu niche construction; Odling-Smee et al. 2003) . The coastal zone is an ecotone between terrestrial and marine ecosystems forming a mosaic of seascapes characterized by various habitats such as rocky shores, sea grass meadows, coral reefs, mangrove forests and tidal flats (Pittman et al. 2011) : we call this a coastal ecosystem complex (CEC hereafter ) (Watanabe et al. 2018) . Coastal organisms also have interacted with these habitats and adapted their traits to the environment over a long period of time, since before humans began development in coastal zones, meaning that coastal organisms would originally possess some traits to effectively utilize the CEC for their growth and reproduction. However, it is well known that various kinds of coastal developments due to humans have
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altered and decreased these habitats and their connectivity, especially since the Industrial Revolution in the eighteenth century. Therefore, the restoration of original multiple habitats and their connectivity would potentially lead to the recovery of the original state of biological production promoted by effective utilization of those multiple habitats. The restoration of the CEC represents a reconstruction of the original process of coastal production.
At the same time, the marine coastal area is one of the most important ecosystems providing a wide variety of ecosystem services for the human community. It has been suggested that 23% of the world's human population live within 100 km of the coastline (about 3 times higher than the global average human population density; IPCC 2007), and utilize these ecosystem services, suggesting that coastal ecosystems have been exposed to the influence of over-use and pollution caused by human activities in both coastal terrestrial and marine areas, such as urbanization, agricultural development and industrial development, leading to eutrophication. Actually, coastal environments of the world have been influenced by artificial eutrophication with environmental pollution such as red tide blooms and hypoxia over periods of multiple decades (Selman and Greenhalgh 2009; Yanagi 2015) . Eutrophication has often caused excessive pelagic production in coastal areas, which has caused a serious decline in the primary production of important coastal benthic ecosystems (Hori and Tarutani 2015) , as well as lake ecosystems (Scheffer et al. 2001) .
Recently, as public awareness of coastal pollution has become higher, the quality of coastal waters has been gradually and successfully improved in some regions by a decrease of nutrient concentrations, namely oligotrophication (Matsuda 2015) . Oligotrophication generally improves water quality, in particular water transparency, by decreasing excessive pelagic phytoplankton production (Scheffer et al. 2001) . The higher transparency due to oligotrophication has led to the recovery of various important ecosystem functions and services in coastal areas, especially those derived from benthic primary production, including sea grass vegetation (Burkholder et al. 2007; Hori and Tarutani 2015) . Sea grass beds have been suggested to be important coastal vegetation for climate change mitigation and adaptation, such as blue carbon storage and protection from sea-level rise and storm surges, as well as food provision and security (Arkema et al. 2013; Duarte et al. 2013) . These ecosystem services are generally welcomed by environmentally aware stakeholders, in particular by several worldwide international organizations such as the IPCC, UNFCCC, UNEP, FAO and IPBES (Hori and Kuwae 2017) . These organizations aim to make some ocean agendas related to national/international climate change initiatives for climate mitigation and adaptation, which include effective conservation and restoration of coastal vegetation.
However, some coastal stakeholders have suggested that the improvement of water quality with oligotrophication is now causing another issue in coastal ecosystem services (Collos et al. 2009; Yamamoto and Hanazato 2015) . Oligotrophication has reduced pelagic productivity in coastal ecosystems, sometimes resulting in the decline of the fishery catch and the harvest of seaweed and bivalve aquaculture (Yamamoto and Hanazato 2015; Yanagi 2015) . This is presumably because of the following reasons. First, coastal fishermen have shifted their fishing techniques, gear, and target species as an adaptation to the eutrophication of coastal waters over periods of multiple decades. For example, in the Seto Inland Sea, Japan, most of the recent fishery catch is dependent on pelagic production, while before the 1960s, when eutrophication had not yet occurred, the most dominant fish catch was for other species contingent on benthic production (Tsurita et al. 2017) . Second, eutrophication generally increases pelagic productivity and, due to the lower transparency caused by increasingly dense phytoplankton, a decrease in benthic productivity occurs. The eutrophication has caused fishermen to change from coastal fishing to seaweed or bivalve aquaculture using the enriched nutrients and abundant phytoplankton, which are stable benefits of eutrophication (Tsurita et al. 2017) . Therefore, their recently targeted resources for exploitation cannot be obtained without an environment affected by eutrophication. Third, oligotrophication decreases the total amount of nutrients in coastal areas from a high to a low level, indicating the possibility that the total coastal productivity, including both pelagic and benthic biological production, itself decreases with oligotrophication. Therefore, integrated coastal ecosystem management which harmonizes coastal fisheries with water-quality improvement is now essential for a sustainable and wise use of coastal ecosystem services.
Here, we have adopted the CEC concept as a key option of our integrated coastal management to create a better balance between sustainable coastal fishing and continuous water-quality improvement under oligotrophication, in order to ensure both future food security and climate change mitigation. The adoption of the CEC concept would be expected to enhance coastal productivity by improving production efficiency even while undergoing oligotrophication. The Thau lagoon and the Seto Inland Sea, located in southern France and western Japan, respectively, are our study sites and are well known as typical coastal areas undergoing oligotrophication (Collos et al. 2009; Yanagi 2015) . It is suggested that the DIN has been reduced to about 40% of that in the 1980s in the Seto Inland Sea, and that the soluble reactive phosphorus concentration decreased from 10 to 1 μM in the summer period in the Thau Lagoon. In both study sites, the aquaculture of Pacific oysters Crassostrea gigas is an economically important fishery for the human community, and eelgrass, Zostera marina, whose recovery by water-quality improvement is also now apparent. The combination of subtidal sea grass meadows with intertidal oyster reefs is the original seascape which had been wellobserved in Japan.
Our work is based on an interdisciplinary management approach including (i) ecological actions to clarify and ensure the relationship among nutrient loadings, ecosystem functioning [which is the processes of material and energy flows with the cycling of nutrients between organic and inorganic forms in the ecosystem (Naeem et al. 1999) , and ecosystem services. For example, in sea grass beds nutrient loading sometimes changes the amount of epiphytic production on sea grass leaves, which regulates the sea grass growth, resulting in a change in ecosystem functioning, and also a change in sea grass CO 2 sequestration as an ecosystem service; (ii) socio-economic actions to estimate both the interface and the pathways between ecosystem services and the recipient human community, and also to maintain the sustainable use of ecosystem services and, moreover; (iii) socio-psychological actions to estimate the human wellbeing of each stakeholder in the community, and also to clarify the key stakeholders responding to the change in the target ecosystem. The ultimate objective of our approach is to identify various ecological and socio-economic management tactics, such as ecological restoration of the coastal environment and economic investment in oyster aquaculture, and integrate them into an effective management strategy to maximize the well-being of the various stakeholders. This is an essential key for sustaining coastal fisheries in areas where water-quality improvement leads to oligotrophication. In particular, to harmonize water-quality improvement with sea grass beds and sustainable oyster aquaculture, it is important to demonstrate various effects of sea grass meadows on oyster aquaculture, at least whether the trophic contribution by the increased sea grass beds to oyster aquaculture is significant or not, instead of less pelagic phytoplankton under oligtrophication.
As a first step of this demonstration of ecological action using CEC with the eelgrass-oyster interaction, we started a field experiment to clarify the effects of CEC on the trophic aspect of cultured oysters; how the nitrogen and carbon composition of oyster tissues can reflect the change in potential food resources under oligotrophication. We analysed the carbon and nitrogen contents of oysters and also the carbon and nitrogen stable isotope concentrations to understand the potential contribution of the CEC, especially to nitrogen concentration, as well as the source of carbon in oyster tissues. This is because the N and C contents of bivalves are used to estimate the relationship between bivalve aquaculture and the change in nutrient level, such as eutrophication or oligotrophication in the target ecosystem (Murphy et al. 2016) . In this study, we present the preliminary results of the compared N/C ratio, the nitrogen contents in mollusc tissues, and the carbon and nitrogen stable isotope concentrations of oyster spats of three species (Crassostrea gigas, C. nippona and C. sikamea) cultivated using oyster rafts floating in the pelagic ecosystem with other oyster spats cultivated on the tidal flat adjacent to sea grass beds. In the tidal flat, the spats can use several benthic products as well as pelagic production. Since the ideal environmental conditions would be different among the three oyster species, we tried to identify whether some are more suitable for cultivation using CEC.
Materials and methods

Conceptual approach
The Seto Inland Sea (coordinates at its centre: 34.1667 N, 133.3333 E) is located in the southwestern part of the main island of the Japanese archipelago (Fig. 1a) . More than 2000 islands are interspersed in the Seto Inland Sea, so that the complex coastlines form a local seascape which offers calmer areas for oyster raft-aquaculture as well as habitats for eelgrass vegetation by offering protection from heavy winds and wave action. Offshore oyster aquaculture using natural spats of the native Pacific oyster Crassostrea gigas is flourishing in many areas of the Seto Inland Sea. The annual production in the Seto Inland Sea accounts for more than 60% of the national production of Japan. Along with oligotrophication, sea grass recovery in the Seto Inland Sea has become apparent over the last decade, and is due to legal restrictions on nutrient input from the watersheds. It has been estimated that the area of sea grass meadows has increased from 6000 ha to about 10,000 ha in 2011 (Hori and Tarutani 2015) .
The Thau lagoon (coordinates at its centre: 43.41 N, 3.6241 E) is the largest lagoon located on the southern French coast in the Mediterranean Sea (Fig. 1b) . The lagoon is famous for oyster farming using non-native Pacific oyster spats attached on longlines by a specific cement to the spats. The longlines with the spats are hung on oyster tables established in the nearshore zone. About 10% of the French national production of oysters is cultivated there: the largest oyster farming area in the Mediterranean Sea. It has been suggested that the recovery of sea grass beds is still proceeding, and that now the area of sea grass distribution extends up to 1000 ha (Hori, personal communication with Syndicat mixte du bassin de Thau). The expansion of eelgrass meadows was observed even within oyster farming areas in June 2016.
As a first step to find harmony between sustainable oyster aquaculture and sea grass conservation under oligotrophication in both the Thau lagoon and the Seto Inland Sea, we devised a management strategy based on an interdisciplinary approach, which consists of ecological, socio-economic and socio-psychological actions. First, the ecological actions aimed to improve or maintain the ecosystem functioning and ecosystem services of a target ecosystem, which consists of two processes: investigations to understand the ecological condition of the ecosystem functioning and the ecosystem services in the target ecosystem, and then management for the sustainable supply of ecosystem services based on the knowledge acquired by the investigation. The former investigation includes various ecological research, in particular investigation of the relationship among nutrients, phytoplankton production, sea grass production, oyster production, and the interactions between oyster aquaculture and eelgrass beds.
The socio-economic aspect is important to convey the change of an ecosystem state and ecosystem services to the recipient human community. The socio-economic actions also consist of investigations and management, which are firstly aimed at clarifying the commodities and value chains to the human community from oyster and recreational businesses, as well as the interface between ecosystem services and socio-economic activities in the target ecosystem. Second, the actions aim to identify the effect of the changes in ecosystem functioning and ecosystem services on the structure of these chains and to draft adaptive tactics for the changes in the target ecosystem. The fundamental purpose of socio-psychological actions was to identify the potential stakeholders and their well-being in the recipient community, and to influence their view on nature's values. Some of the ecosystem functioning and services cannot be appreciated based purely on financial aspects, therefore we need to develop a psychological method to directly identify well-being.
First ecological assessment
As an ecological action to estimate the possibility of oysters using multiple resources derived from the CEC, we established a field experiment in the Seto Inland Sea to clarify various interactions between oysters and sea grass vegetation. The fundamental motive of this field experiment was also derived from the social concern in the local community of stakeholders. In both the Seto Inland Sea and the Thau Lagoon, it has been a concern of local oyster fishermen and oyster farmers that the decrease of the primary production of the pelagic ecosystem with oligotrophication may cause the decline of oyster production. On the other hand, it was recently suggested that they want to know whether the increased sea grass meadows have any positive or negative effects on oyster production and sustainability in the near future.
In this experiment, we especially analysed the carbon and nitrogen concentration and the stable isotope ratios of the oyster spats to demonstrate the effect of different food resources on their nutritional condition. The N/C ratio and nitrogen contents of the oyster spats were analysed to estimate any changes in nutritional condition among oyster species. The relationship between carbon and nitrogen stable isotope ratios was examined to discover any differences in potential food resources among each oyster species. Such differences are derived from the different sources of primary production in both the pelagic ecosystem (using raft culture) and the benthic ecosystem utilized by ground culture in the tidal flat. This experiment was conducted at the Oono-Seto channel (Fig. 1c: 34.2747 N, 132 .2688 E), which is also famous for Pacific oyster cultivation in the Seto Inland Sea, Japan. At the site, there is a natural tidal flat adjacent to subtidal sea grass beds. We established an experimental area (5 m × 5 m) in the lower intertidal area on the tidal flat, and three cages (50 cm × 50 cm × 10 cm) of 5-mm wide mesh were randomly attached on the experimental area (average exposed time of the cages was about 3.0 h per day) using PVC pipes with iron wire. In addition, we set a raft (5 m × 5 m) floating on the sea surface 200 m offshore from the tidal flat, and hung a replicate of three cages at a depth of 2 m from the sea surface using vinylon ropes.
Sixty oyster spats of each of three species (C. gigas, C. nippona and C. sikamea), which were hatched from the same lot, were obtained from Shimane Prefectural hatchery. Thirty spats of each species were put into the cages on the tidal flat, and the other half of the spats of each species were put into the cages hanging from the raft. The experiment was conducted for 2 months from November 2016 to January 2017 when the recruitment of sessile organisms on cages would be lowest (average water temperature and salinity around the raft during this period was 15.22 °C and 30.3, respectively). This was to avoid massive attachments of sessile organisms on the cages, which would make any artefact effects of cage cultivation larger. We randomly chose five spats from each of the six cages at the beginning of the experiment as the initial samples and at the end of the experiment as the samples after 2 months. After the experiment, the carbon and nitrogen stable isotope analysis was conducted using these samples. In addition, we measured the longest part of the shell length (mm) of all spats at both the beginning and the end of the experiment, and mollusc part weight ratio which was mollusc part weight (gDW) divided by total weight (mollusc and shell weight) of ten spats from each of the six cages at the end of the experiment.
Prior to the stable isotope analysis, specimens of muscle from each oyster spat were taken and dried at 60 °C for 24 h, and then pulverized. The oyster samples were immersed in a chloroform:methanol (2:1) solution for 24 h to remove the lipids according to the literature (Post and Parkinson 2001; Arrington et al. 2006 ). All of the samples were then dried at 60 °C for 24 h. The dried samples were placed in a tin capsule and their carbon and nitrogen stable isotope ratios were measured using a mass spectrometer (ANCA-GSL; Europa Science Inc., UK). Carbon and nitrogen stable isotope ratios were expressed in δ notation and defined as the per mill deviation from the standard as follows: δ 13 C (‰) and δ 15 N (‰) = (R sample/R standard − 1) × 1000, where R is 13 C/ 12 C and 15 N/ 14 N, respectively. The standard used for the δ 13 C and δ 15 N was Vienna Pee Dee Belemnite (VPDB) limestone carbonate and atmospheric nitrogen for δ 15 N, respectively. The analytical precision was 0.2‰ for δ 13 C and 0.3‰ for δ 15 N.
Results
Our interdisciplinary approach for coastal management under oligotrophic conditions was constructed to be as simple as possible, and consisted of three sections and three actions associated with each section (Fig. 2) . As the next step, we have to devise a schematic of ongoing ecological research using an approach clarifying several interactions between oyster farming and sea grass beds to, ultimately, identify better integrated management of ecosystem services in Thau lagoon and the Seto Inland Sea. In particular, using structural equation modelling, we will try to identify (1) better management tactics by clarifying the conflicts among ecosystem services, (2) which ecological action is the most important for the development of the human community and environmental conservation, (3) which combination of ecological management tactics and socio-economic management tactics is the most effective to maximize the wellbeing of the recipient community, and (4) which is the key pathway from ecosystem services to human well-being via the value chain to improve or maintain both fisheries and the coastal environment under oligotrophic conditions. Based on this approach, we are now trying to clarify the interactions between oyster farming and eelgrass beds to estimate the possibility of oyster farming using seagrass beds as an ecological action in our management plan (Fig. 3) . We 1 3 have three working hypotheses at the moment: the first is that oyster farming using sea grass beds can maintain or improve coastal productivity, including both primary and secondary production of the target ecosystem even in healthy environmental conditions undergoing oligotrophication. The second hypothesis is that sea grass beds can improve water quality, enabling more hygienic cultural practices so that oysters may no longer accumulate pathogens inside them from the ambient seawater. The third hypothesis is that sea grass beds can support oyster production and improve its quality and sustainability.
Our ongoing experiment of oyster spat cultivation on both the tidal flat and the floating raft exhibited some results which can support the third hypothesis (Fig. 4a-i ). There was a significant difference in the N/C ratio and nitrogen content of C. sikamea between the spats on the tidal flat and those from the offshore raft after 2 months [ Fig. 4c ; oneway ANOVA: F = 20.694, P = 0.002, and Fig. 4f ; one-way ANOVA: F = 8.637, P = 0.019; the assumption of variance homogeneity was kept in each statistical test for the difference in N/C ratio of (c) C. sikamea (P = 0.154) and nitrogen content of (f) C. sikamea (P = 0.540)]. The average N/C ratio and nitrogen content of both C. gigas and C. nippona also showed a tendency to be different between the spats on the tidal flat and those from the offshore raft (Fig. 4a, b, d , e, respectively), although the difference is not statistically significant yet. C. sikamea may respond to the resources on the tidal flat earlier than other species.
On the other hand, there was a clear difference in the carbon stable isotope ratio between the spats on the tidal flat and those from the offshore raft in all three species after 2 months ( Fig. 4g-i) . The δ 13 C of the spats on the tidal flat was around − 17.50‰ and was significantly higher than those from the offshore raft, which was around − 19.00‰ [ Fig. 4g ; one-way ANOVA: F = 23.682, P = 0.001, Fig. 4h ; one-way ANOVA: F = 98.165, P < 0.0001, Fig. 4i ; one-way Fig. 2 Schematic explanation of the approach adopted in this study ANOVA: F = 78.337, P < 0.0001; the assumption of variance homogeneity was also kept in each statistical test for the difference in the carbon stable isotope composition of (g) C. gigas (P = 0.551), (h) C. nippona (P = 0.731), and (i) C. sikamea (P = 0.793)]. Although the result of the longest part of shell length of each species did not show significant differences between the spats on the tidal flat and those from the offshore raft at the beginning of the experiment, the differences in both C. gigas and C. nippona were significant at the end of the experiment (Fig. 5a) . The shell length of the spats on the tidal flat was significantly longer than those from the offshore raft (one-way ANOVA; C. gigas: F = 16.996, P = 0.001, C. nippona: F = 17.014, P = 0.001), while the shell length of the C. sikamea spats did not significantly differ between the tidal flat and the offshore raft. However, the mollusc weight ratio exhibited the opposite tendency to that of shell growth (Fig. 5b) ; the mollusc weight ratio of the spats on the tidal flat was higher than those from the offshore raft. There was a significant difference in the mollusc weight ratio of the C. nippona and C sikamea spats between the tidal flat and the offshore raft (one-way 
** * *** *** ** Fig. 4 The comparisons of N/C weight ratio, nitrogen content, and carbon and nitrogen stable isotope composition between raft (open circles) and tidal flat (closed circles) in three cultured oyster species (C. gigas, C. nippona and C. sikamea). Open squares indicate initial conditions. Significant P values are represented by asterisks: *P < 0.05; **P < 0.01; ***P < 0.001 1 3 ANOVA; C. nippona: F = 6.669, P = 0.0019, C. sikamea: F = 11.037, P = 0.004).
Discussion
Among our working hypotheses at the moment, the first hypothesis is derived from a well-known function of sea grass beds called trophic support (Williams and Heck 2001) . To our knowledge, however, there is no case study directly demonstrating the effects of oyster-sea grass interactions on ecosystem functioning of target ecosystems, although there are some modelling researches on the material cycling in coastal ecosystems including oyster and sea grass beds (Kishi and Oshima 2008) . Further studies are needed to demonstrate this hypothesis. The second hypothesis requires the study of the effects of the change in environmental conditions by sea grass beds on the quality of oysters, which will potentially enhance the value of oyster products. Actually, in other regions, it was reported that there was a 50% reduction in the relative abundance of potential bacterial pathogens capable of causing disease in humans and marine organisms when sea grass beds are present (Lamb et al. 2017) .
The third hypothesis requires the study of the trophic effects of the change in the potential food resources induced by sea grass beds on oyster production, as a dominant ecosystem service in our study sites. The results of our ongoing experiment suggest that the spats on the tidal flat contained a higher nitrogen concentration in their muscle than those from the offshore raft even in this period when benthic production is lower than pelagic production in this region (Uye and Shimazu 1997; Sarker et al. 2009) , and moreover that the δ 13 C of the spats on the tidal flat was significantly higher than those from the offshore raft. This was presumably because the oyster spats from the offshore rafts used only pelagic production (pelagic particle organic material (POM): − 22.00 ± 0.14‰, Hamaoka, unpublished data, 2017; the POM was collected by filtration of surface seawater in this study site) while the oyster spats on the tidal flat can use both pelagic and benthic production (benthic POM on tidal flat: − 17.00 ± 0.57‰, sea grass: − 10.50 ± 0.71‰, Hamaoka, unpublished data, 2017; the POM was collected from the surface of rocks on the tidal flat and also collected on the sea grass leaves). These results suggest that utilization of benthic production can increase the nitrogen content of cultivated oysters, meaning a change in the quality of this food provisioning service for human beings.
In addition, research on the stable isotope analysis for cultivated oysters in the Thau lagoon also exhibited a result that can support the third hypothesis (Fig. 6) . The δ 13 C of cultivated oysters varied seasonally with their food resources, which would depend on organic carbon derived from benthic organic carbon through pelagic organic carbon (Pernet et al. 2012) . These trophic interactions demonstrated in both our ongoing experiment and Thau lagoon are not only a phenomenon in the eelgrass and Pacific oyster interaction, but are also reported as interactions between sea grasses and filter-feeding bivalves in various sea grass meadows from The difference in a the longest part of shell length and b mollusc part ratio of each oyster species between the spats cultivated on the tidal flat and those from the offshore raft. Significant P values are represented by asterisks: *P < 0.05; **P < 0.01; ***P < 0.001 temperate to tropical regions of the world (Morimoto et al. 2017) . There are many reports of the contribution of eelgrass beds consisting of Zostera species and the associated epiphytes as a potential food resource for various bivalve species (e.g., in Russia: Kharlamenko et al. 2001 , Germany: Jaschinski et al. 2008 , Portugal: Rossi et al. 2015 , and France: Lebreton et al. 2011) . These studies suggest a general occurrence of the trophic interactions between filterfeeding bivalves and sea grasses.
In the original habitat of the Pacific oyster in Japan, the interaction between native eelgrass and native Pacific oyster would be common and an important component of the ecosystem functioning in coastal ecosystems, because Pacific oyster reefs had often been found adjacent to sea grass beds. Unfortunately, the natural mixed landscape of oyster reefs with sea grass beds has been lost due to coastal development by reclamation and construction of embankments in many regions of Japan. In some regions, however, aquaculture areas have been established within or adjacent to sea grass beds (Kasim and Mukai 2006; Tanaka 2014) . The oysters have been grown using the original oyster-sea grass interactions including facilitation of spat recruitment and spat survival rate, and especially trophic support from eelgrass beds to oysters over an extended period of time. This is typically reflected in the indigenous and local knowledge (ILK) of Japanese oyster aquaculture.
One of our interests in this research was also whether these oyster-eelgrass interactions in the original habitats of Japan have appeared in the Thau lagoon ecosystem with native eelgrass beds and non-native Pacific oysters, and whether the oyster-eelgrass interactions can also facilitate ecosystem functioning outside of its native range. Pernet et al. (2012) revealed, using the analysis of both carbon isotope ratio and fatty acid signatures, that the food resources of Pacific oysters varied seasonally among phytoplankton, diatoms, bacteria and terrestrial organic matter in the Thau lagoon. This result suggests that oysters in the Thau lagoon have the potential to consume various kinds of food resources derived from different origins, indicating that Pacific oysters imported from Japan can grow even in the oligotrophic environment by effectively utilizing multiple habitats in the French coastal zone. In the future, we need to proceed with field experiments to demonstrate the significance of ILK, such as experiments to see whether eelgrass beds can increase the survival rate of spat recruitment, the nutritional condition of the spats, and spat resistance to pathogens and toxins.
In oligotrophic environmental conditions, our first ecological action aims to increase coastal productivity not by increasing the nutrient level, but by facilitating various types of benthic production, including sea grass beds. Interactive resource subsidies between eelgrass and oysters can supply epiphytes and detritus as food resources for oysters, and nutrients and POM as resources for eelgrass and the eelgrass-associated organisms. Sea grass-oyster interactions would become a key factor in improving bioresource cycling and thus the ecosystem functioning efficiently in the study area. If the above three hypotheses are successfully verified, the recipient human community in the socio-economic section of our approach can gain valuable products and a better environment (Fig. 3) . The change in the ecosystem services and the recipient community by the ripple effect of ecological action would cause a change in well-being of the stakeholders in the target ecosystem.
For example, oyster-eelgrass interactions would keep high water transparency and better sanitary conditions, which is also beneficial for recreational use. A larger distribution of eelgrass beds can absorb more carbon dioxide from the atmosphere and store it as organic carbon, which can offset the carbon emissions from oyster aquaculture and recreational activities. This kind of local offset system of carbon dioxide emission can contribute to the promotion of the Paris Agreement adopted at UNFCC-COP21. Our study has just been initiated, so we have to make steady progress associated with the CEC concept to identify wise use and better management for oligotrophic coastal ecosystems through these ecological, socio-economic and sociopsychological actions in the future.
